ABSTRACT Lead (Pb) 
INTRODUCTION
The application of sewage sludge (biosolid) in agriculture has become a common practice. However, the presence of heavy metals in sewage sludge may be a factor limiting its use. These heavy metals generally come from effluents disposal together with domestic sewage. Successive agricultural applications may result in accumulation of these elements in the environment and in the food chain: sewage ⇒ soil ⇒ plant ⇒ animal ⇒ man (Kabata -Pendias and Pendias, 1992) . According to Berti and Jacobs (1996) , sewage sludge may be used in agriculture for increasing product yield. However, sometimes it can present high metal concentration (Cd, Cu, Ni, Pb and Zn) that can cause serious problems in plants and its consumers. High concentrations of metals can change plant biological processes, such as: photosynthesis, respiration, enzyme activity and growth, which may result in a lower production (Malavolta, 1994) . Nevertheless, some studies have shown a high yield after sludge application, because its content of macro and micronutrients. Berton et al. (1989) detected a meaningful increase in the production of dry matter and N, P, Ca, Mg and Zn absorption by maize in 5 soils of São Paulo State (Brazil) using higher sludge doses (40 and 80 t ha -1 of dry matter). Silva (1995) used sludge doses of 0, 20 and 40 t ha -1 complemented by NPK and detected a linear increase in sugar cane production during the first year of crop. No heavy metal was found in the sugar syrup produced in this experiment. Da Ros et al. (1993) using 0, 20, 40, 80 and 160 t ha -1 doses, wet base, detected a meaningful increase in dry matter production. This effect was observed in two different ways: immediate increase on millet production and residual effect on production of oat associated with vetch. There was a reasonable increase in absorption of N, P 2 O 5 and K 2 O by millet when sewage sludge was used. According to the information as above, it can be observed that there is no general agreement concerning the exact dose of sewage sludge for each crop. This may be due to great fluctuations in its composition, the difficulty in foreseeing the behavior of metals in different types of soil and distinct nutritional requirements of each crop. The main anthropogenic sources of metals in the environment are: fertilizers, pesticides, irrigation water, biomass burning, coal and oil combustion, pollutants from vehicles, incineration of urban and industrial trash and, specially, residues from tanning industry, mining activities, foundries and industrial refineries (Tavares and Carvalho, 1992; Adriano, 1986) . Many researchers have been studying the effect of heavy metals following their accumulation in the environment. They generally work with the soil layer containing the highest fertility index 0 -20 cm deep layer, which is widely used for agricultural purposes. Lead accumulates at the first centimetres of soil surface and its concentration decreases with the depth. In some cases, it may be found at 30-45 cm depth (Malavolta, 1994) . Chang et al. (1984) were found that 90% of metals of a soil treated with sewage sludge during six years in the first 15 cm. Alloway (1990) had stated that lead accumulates in soils and sediments due to its low solubility and fact that it undergoes no microbial degradation. Brady (1989) mentioned that Pb has a very low solubility in non-acid soils. Heavy metals react with diffusing binders, macromolecules and membrane binders. This results in accumulation in the food chain and disturbances in the metabolic processes of living organisms. Bioaccumulation transforms normal concentrations into toxic concentrations in different biotic species and man (Tavares and Carvalho, 1992) . Thus, it is necessary to be alert and aware of the use of organic fertilizers produced from sewage sludge. These products always contain a somewhat higher concentration of heavy metals. With this context, the present research work evaluated the behavior of the Pb in oxisol (Dark Red Latisol) treated with sewage sludge contaminated by lead in which maize was cultivated after 18 months from the first treatment.
MATERIALS AND METHODS
Experiment in PVC (polyvinylchloride) vases (diameter = 10 cm and height = 80 cm) was carried out in a green house. Along the vase, beginning from 20 cm in depth, gauge tubes containing the same vase soil were placed vertically at 10 cm intervals up to 60 cm ( Table 1 shows its chemical and physical characteristics. The first layer of each vase (0 -20 cm) was manured with 6 t ha -1 dose of sewage sludge contaminated by Pb 2+ in concentrations: 0; 2,500 and 5,000 µg g -1 (in the form of PbCl 2 ) and with a mixture of lead (Pb 2+ ) and cadmium (Cd 2+ ) (as interferer in the lead behavior) in µg g -1 concentrations of 2,500 and 5,000, respectively, after 18 months from the first identical treatment. The pH was determined by potentiometer in the soil:water ratio of 1:2.5. Liming need was determined by SMP method. A 3:1 mixture of calcium carbonate and magnesium carbonate was used for liming (dry base) and the soil sample was incubated for 15 days to raise pH to 6.5. Sewage sludge was collected at SANEPAR, Maringá, Paraná, Brazil. After homogenization and drying, three portions were taken, digested with a nitric perchloric solution and K, Ca, Mg, S, Cu, Zn, Fe, Mn, Pb and Cd concentrations were determined by atomic absorption spectrometry.
Concentrations of N was determined with Kjeldahl method, P was determined by UV-Vis spectrophotometric method of the phosphomolibdic complex, and C was determined by Walkley and Black method (Embrapa, 1999; Pavan et al., 1992) . Table 2 shows the results of the sewage sludge analysis. After the incubation period, five maize seeds were sown in each vase. Seven days after germination, plants were pared and three plants were left per vase. The shoots were assisted daily. Random shiftings were made in the vases position. In order to allow the percolation of contaminants, the plants were watered every seven days with twice as much water as generated by the highest rainfall season in Maringá area during the last 25 years (151.5 mm) (Ministério da Agricultura, 1977). The percolated water was collected and the Pb content analysed after acidification and pre-concentration with reducing volume. Seventy-five days after the emergence of the maize plant, the upper part of the plant was cut close to the ground and air-dried separately according to the vase distribution. Then, it was placed in an incubator at 80°C for 48 hours (Scott et al., 1971) , weighed, ground and digested with a mixture of nitric and perchloric acid (Malavolta et al., 1997) . Pb concentration was determined by atomic absorption spectrophotometer. Soil was sampled from the 0-20 cm layer and from the gauge tubes. The samples from each gauge tube were divided into internal (i) and external (e) samples. They were ground in a porcelain mortar, sieved and digested with a mixture of nitric and perchloric acid (Horwitz, 1980) . Pb concentration was obtained by atomic absorption spectroscopy. The data obtained were evaluated by variance analysis and Tukey test at 5%, using SANEST software. ) probably competed with the absorption of Pb 2+ by plants and its absorption was very low, as observed by Berton et al. (1992) . According to Adriano (1986) available forms of Pb (soluble + exchangeable) resulting from sewage sludge application correspond to 1.6%-8.0% of total accumulation. Uptake studies of forage crops indicated that only a very small fraction (0.3% to 0.5%) of added Pb was utilized by plants. Absorption and translocation of metals in plants occur differently for each metal and culture (Wallace and Romney in Adriano 1986 ): -B, Mn, Ni and Zn in plants are usually distributed more or less uniformly between roots and aerial part; -Co, Cu, Mo and Cd generally present higher rates in roots and moderate to great quantities in the aerial part; -Cr, Pb, As, Sn, Ti and V concentrate themselves mainly in the roots and slightly in the aerial part. However, distribution standards may vary according to species and concentration of the element in the layer. Silva (1995) observed no effect in metal concentration in the tissue and in the export of Cd, Cr, N, Pb and Se in the sugar cane stalk + leaves with the addition of sewage sludge. Berti and Jacobs (1996) stated that Pb was not detected in the plant in all crops evaluated. The sorption (adsorption and absorption) of Pb by the maize plant could be also attributed to its probable concentration in the roots (Malavolta, 1994) and low bioavailability (Zufiaurre et al., 1998; Berti and Jacobs, 1996; McBride, 1995; Hooda and Alloway, 1994) .
RESULTS AND DISCUSSION

Lead in the plant
Lead in the soil
Sewage sludge may be an important source of heavy metals in agricultural soils (Hooda and Alloway, 1994) . In this experiment, the second application of sewage sludge contaminated with lead after an 18 months interval from first application showed an accumulation of metal in the soil (Figs. 2 and 3) . According with the results of lead concentration in soil (Table 4) , after two applications, a higher concentration of this metal was detected in the 0-20 cm layer. This was the layer in which the sewage sludge was incorporated. In 20-60 cm depth layer the concentration of Pb remained unchanged and there was no significant difference, at 5% level, between concentrations of Pb in the internal and external sections of the gauge tube. Therefore, it could be stated that there was no percolation or diffusion of Pb throughout the soil column. These results agreed with those obtained by other researchers (Silva, 1997; Chang et al., 1984) . No Pb was found Pb in the collected percolation water in the simulation of the highest rainfall season of Maringá region. No interaction was observed between Cd and Pb behavior in the treated soils. The typical behavior of Pb in contaminated soils included high retention (Amaral Sobrinho et al., 1997) , low mobility (Matos et al., 1996; Sheppard and Thibault, 1992; Chang et al., 1984) and low bioavailability (Kádár, 1994; Alloway, 1990) and has been attributed to its high affinity to the fractions: Fe-oxide, Mn-oxide and residual (Zafiaurre et al., 1998; Amaral Sobrinho et al., 1997; Gomes et al., 1997) .
CONCLUSIONS
Higher concentrations of Pb were observed only in the 0-20 cm superficial layer. Concentrations remained unchanged at the 20-60 cm depth layer.
No interference of Cd in the behavior of Pb was detected. There was no absorption of lead by maize plants after being cultivated in soil treated twice with sewage sludge contaminated by this metal. 
RESUMO
O comportamento do Pb foi estudado num Latossolo Vermelho Escuro tratado com lodo de esgoto (biossólido) contaminado, 18 meses após o tratamento do mesmo. As amostras de solo coletadas num perfil de 0 a 80 cm de profundidade foram dispostas da mesma forma em tubos de PVC (80 cm de altura e 10 cm de diâmetro) em triplicata, os quais tinham lateral e diametralmente opostos, a cada 10 cm de profundidade a partir dos 20 cm da superfície, tubos sonda contendo o mesmo solo do interior do tubo de PVC. As frações de solo de 0 a 20 cm de cada tubo, receberam 5 tratamentos: três concentrações de chumbo: 0,0 (referência); 2.500; 5.000 µg g -1 e duas com a mistura de chumbo e cádmio (como interferente) nas seguintes proporções: 2.500 : 2.500 e 5.000 : 5.000 µg g -1 , respectivamente. Nos tubos com o solo contaminado, em casa de vegetação, foi cultivado o milho como planta teste, durante 75 dias. Após, as plantas, os solos tratados (0 a 20 cm) e os solos dos tubos sonda foram coletados, preparados e digeridos com ácido nítrico e perclórico. As concentrações de Pb foram obtidas pelo método da espectrometria de absorção atômica. As amostras de solo da camada de 0-20 cm foram as que apresentaram as maiores quantidades de chumbo, proporcionais à quantidade adicionada. A concentração de Pb permaneceu constante na profundidade de 20 a 60 cm, em todos os tratamentos. Não foi detectada a absorção de Pb pelas plantas.
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